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CONDUIT COUPLING DEVICES AND METHODS FOR EMPLOYING SUCH DEVICES 

Background Of The Invention 

[0001] This application claims the benefit of U.S. Provisional Patent Application No. 

5 60/427,252, filed November 19, 2002, which is incorporated herein by reference. 

1. Field of the Invention 

[0002] The present invention relates generally to conduit coupling devices. In 

particular, this invention relates to conduit coupling devices formed fi-om couplers to connect 
conduits, such as arteries, veins, or the like, and to establish fluid communication 
10 therebetween and methods for establishing such fluid communication using such coupling 
devices. 

2. Description of Related Art 

[0003] Arteries supply tissue with nutrients and oxygen carried by blood. When 

arteries become diseased or obstructed, the delivery of blood to tissue may be compromised. 

15 When the tissue is denied nutrients and oxygen, the tissue becomes ischemic and necrotic. 
Healthy arteries and veins may be harvested from other parts of the body and connected to 
diseased or obstructed vessels to bypass diseased or obstructed portions and to restore a 
supply of blood to tissue, thereby reducing or preventing further tissue damage or loss. 
[0004] As noted above, known surgical bypass techniques may involve the harvesting 

20 of a blood vessel fi^om the chest wall or the leg of a patient for use as a bypass conduit. The 
bypass procedure involves extensive preparation of the bypass vessels; careful positioning of 
the bypass vessels at the bypass site; and meticulous suturing with sutures the reduced size of 
which may require use of optical magnification by a surgeon. Such bypass procedures are 
technically challenging with resuhs highly dependent upon the skill of the surgeon. If the 

25 attachment point between the bypass vessel and the obstructed or diseased vessel is not 
aligned properly, a disturbance of the blood flow may occur, resulting in a reduction in the 
size of the opening between the vessels. Eventually, the bypass opening may close, thereby 
further obstructing a flow of blood to tissue. 

[0005] Bypass suturing of this type is performed using a surgical procedure in which 

30 the chest wall remains open, thereby exposing the heart. Such bypass procedures may be 
time-consuming and, consequently, may subject a patient to prolonged anesthesia and use of 
a cardiopulmonary support system. Prolonged exposure of a patient to these conditions may 
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increase the likelihood of adverse reactions including delayed recover or loss of mental 
faculty, stroke, or death. 

[0006] One way to reduce the time during which a patient is subjected to anesthesia 

and cardiopulmonary support systems has been to develop less invasive approaches to cardiac 
5 surgery. While the use of less invasive procedures employing access devices called "ports" 
has been attempted, thus far, this approach has achieved limited acceptance due to difficulties 
that may arise when suturing bypass vessels from a remote location through such ports, 

SUMMARY OF THE INVENTION 

[0007] A need has arisen for a conduit coupling device that may be introduced and 

10 positioned through a port in a patient's body, thereby eliminating the need for more invasive 
surgical procedures that involve opening the chest wall and thereby reducing operative time 
during which a patient may be subjected to anesthesia and cardiopulmonary support. A 
further need has arisen for a conduit coupling device that may be attached without the need 
for fine suturing techniques by a surgeon. A still fiirther need has arisen for a conduit 
15 coupling device comprising a pair of couplers that may be positioned in adjacent or nearby 
conduits to bypass obstructed or diseased portions. 

[0008] This invention permits the attachment of blood vessels, such as arteries or 

veins, to obstmcted or diseased arteries to bypass the obstructed or diseased portion. One 
advantage of the device is the ease and speed of attachment of couplers to conduits, 

20 eliminating a need for fine suturing techniques. The conduit coupling device of the present 
invention also improves the consistency and quality of the anastomotic procedure, which is 
less dependent upon surgical technique than known bypass suturing techniques. By 
eliminating suturing, this inventive device and method may be performed using ports and 
similar surgical techniques that are less invasive. Thus, consistency of the conduit opening 

25 and flow path are less dependent upon the suturing ability of a surgeon. Use of the devices 
and methods disclosed herein may reduce operation time and risks associated with Coronary 
Artery Bypass Graft (CABG) surgery compared to known bypass devices and methods. Each 
coupler of a conduit coupling device according to the present invention provides a smooth, 
hemodynamic opening and establishes a fluid flow path between conduits being connected by 

30 the conduit coupling device. 

[0009] According to an embodiment of the invention, a coupler comprises a saddle, a 

channel, a tissue clamp, and a flange. The channel has a first end having a substantially 
eUiptical cross-section connected to the saddle and a second end having a substantially 
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circular cross-section. The tissue clamp is positioned around the channel. The flange is 
formed adjacent to the second end of the channel. A conduit coupling device may be formed 
by securing flanges of two couplers together. 

[0010] According to another embodiment of the invention, a method of connecting 

5 two conduits comprises the following steps. A first saddle of a first coupler is positioned 
within a first conduit. A second saddle of a second coupler is positioned within a second 
conduit. The first conduit is clamped to the first saddle of the first coupler. The second 
conduit is clamped to the second saddle of the second coupler. The first coupler and the 
second coupler are connected. 

10 [001 1] According to a fiirther embodiment of the invention, a conduit coupling device 

comprises a first coupler, a second coupler, and a clamping ring. The first coupler comprises 
a first saddle, a first channel, a first tissue clamp, and a first flange. The second coupler 
comprises a second saddle, a second channel, a second tissue clamp, and a second flange. 
The clamping ring secures the first flange and the second flange together. The first and 

15 second couplers may be joined together at different angles relative to one another, depending 
upon the orientation of the conduits to be connected by the conduit coupling device. 
[0012] According to still a fiirther embodiment, the invention is a coupler holder and 

delivery device for holding and delivering a coupler to a blood vessel. The coupler comprises 
a saddle; a channel, wherein the channel comprises a first end connected to the saddle and a 

20 second end, a tissue clamp positioned around the channel; and a flange formed adjacent to the 
second end of the channel. The coupler holder and delivery device comprises an outer tube 
surrounding an inner shaft, such that the outer tube is slidable on the inner shaft and 
independently of the inner shaft; a coupler conforming end, which is mounted on a first end 
of the inner shaft and is adapted to engage the second end of the channel of the coupler; and a 

25 pair of opposing, tissue clamp receiving flanges mounted on opposite sides of a first end of 
the outer tube and adapted to engage the tissue clamp bend the tissue clamp away firom the 
saddle. The outer tube is slidable toward the first end of the inner shaft to engage the flanges 
to the tissue clamp. Conversely, the outer tube is slidable away fi-om the first end of the inner 
shaft to release the tissue clamp from the flanges. 

30 [0013] According to yet a further embodiment, the invention is a method for 

delivering a coupler into a blood vessel. The coupler comprises a saddle; a channel, wherein 
the channel comprises a first end connected to the saddle and a second end; a tissue clamp 
positioned around the channel; and a flange formed adjacent to the second end of the channel. 
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The method comprising the steps of: engaging the channel of the coupler; engaging the tissue 
clamp and bending the tissue clamp away from the saddle; making an incision into the blood 
vessel; delivering the coupler into the blood vessel through the incision; securing the saddle 
to the blood vessel; and releasing the tissue clamp, so that the tissue clamp conforms to the 
5 saddle. 

[0014] Other objects, features and advantages will be apparent to persons skilled in 

the art from the following detailed description of the invention and the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
10 [0015] The invention may be understood more readily by reference to the following 

drawings. 

[0016] Fig. 1 depicts a coupler with the tissue clamp in a relaxed state. 

[0017] Fig. 2 depicts a coupler after a tissue clamp is heated to its transition 

temperature. 

1 5 [001 8] Fig. 3 depicts a coupler with complementary mating surface. 

[0019] Fig. 4 depicts a conduit coupling device connecting two conduits. 

[0020] Fig. 5 depicts a clamping ring in a martensitic state. 

[0021] Fig. 6 depicts a clamping ring that is heated to its transition temperature. 

[0022] Fig. 7 depicts a clamping ring with teeth and holes. 

20 [0023] Fig. 8 depicts a clamping ring. 

[0024] Figs. 9A-9D depict anastomotic applications of the conduit coupling device 

with conduits of varying condition. 

[0025] Fig. 10 depicts a ring clamp device for use with the conduit coupUng device of 

the present invention. 

25 [0026] Fig. 11 depicts a top view of a coupler according to an embodiment of the 

present invention. 

[0027] Fig. 12 depicts a view of coupler positioned in and secured to a conduit. 

[0028] Fig. 13 depicts an embodiment of a coupler holder and delivery device. 

[0029] Fig. 14 depicts a distal end of coupler holder and delivery device of Fig. 13. 

30 [0030] Fig. 15 depicts the coupler held in position prior to delivery to a conduit by 

coupler holder and delivery device of Fig. 13. 

[0031] Fig. 16 depicts the coupler immediately after release fi-om the coupler holder 

and delivery device of Fig. 13 into its final position in the conduit. 



DC01:371701.1 



PATENT 

ATTORNEY DOCKET NO. 018880.0147 
DETAILED DESCRIPTION OF THE DRAWINGS 

[0032] As shown in Figs. 1-3, a coupler 10 according to an embodiment of the 

present invention comprises a saddle 1 for positioning within a conduit and a channel 2 for 
directing fluid from the conduit through coupler 10. Coupler 10 further comprises a tissue 
5 clamp 3 for securing the conduit to saddle 1, a flange 6 for positioning in alignment with a 
flange 6 of another coupler 10, and a mating surface 7, T for attachment to a mating surface 
7, T of another coupler 10. 

[0033] Saddle 1 has a substantially elliptical cross-section and may be positioned 

within a conduit. As shown in Fig. 12, saddle 1 may be configured with a curvature that is 
10 the same as, or substantially similar to, a curvature of the inner and outer surfaces of conduit 
1 1 in which saddle 1 may be positioned. The curvature of saddle 1 may be varied depending 
upon the curvature of conduit 1 1, so that an area of contact between saddle 1 and conduit 1 1 
may be increased or so that conduit 1 1 may not be distorted by placement of saddle 1 within 
conduit 1 1, or both. 

15 [0034] Saddle 1 may be positioned within a conduit by making an incision at a 

desired location along conduit 1 1 . The length of the incision may be less than a length of the 
longest axial dimension of saddle 1. Saddle 1 then may be inserted through the incision into 
conduit 1 1 . Conduit 1 1 may stretch slightly to fit over the edges of saddle 1 as saddle 1 is 
positioned within conduit 1 1 . 

20 [0035] Saddle 1 transitions to a channel 2, which may be formed integrally with 

saddle 1, as shown in Fig. 1. When saddle 1 is positioned within conduit 11, channel 2 
remains entirely or substantially outside of conduit 1 1, as shown in Fig. 12. Channel 2 forms 
a flow path for fluid in conduit 1 1 to flow through coupler 10. As shown in Fig. 11, an inner 
surface of channel 2 transitions from a substantially elliptical cross-sectional area 2a to a 

25 substantially circular cross-sectional area 2b. 

[0036] In one embodiment of the invention, the cross-sectional area of channel 2 

remains substantially constant as the inner surface of channel 2 transitions from an area of 
substantially elliptical cross-section 2a to an area of substantially circular cross-section 2b. 
This configuration improves the ability of channel 2 to direct fluid through coupler 10 at a 

30 substantially constant velocity or rate, or both, with a minimum of disturbances in the fluid 
flow. In addition, the cross-sectional area of each channel 2 may correspond to the cross- 
sectional area of a conduit in which coupler 10 may be positioned, so that the velocity or rate, 
or both, of fluid flowing from conduit 11 through coupler 10 may remain substantially 
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constant. In another embodiment of the invention, the cross-sectional area of channel 2 may 
increase or decrease as channel 2 transitions from an area of substantially elliptical cross- 
section 2a to an area of substantially circular cross-section 2b, so that coupler 10 may be used 
to connect conduits 1 1 of different cross-sectional areas. 
5 [0037] A flange 6 and a mating surface 7, T may be formed at an end of channel 2. 

For example, flange 6 may be formed along an outer surface of channel 2, adjacent to a 
portion of channel 2 having a substantially circular cross-section, as shown in Figs. 1-3. 
Flange 6 and mating surface 7, T enable a pair of couplers 10 to be secured together to form a 
conduit coupling device according to the present invention for connecting two conduits. By 

10 positioning flange 6 and mating surface 7, T of one coupler 10 in alignment with flange 6 and 
complementary mating surface 7, T of another coupler, as shown in Fig. 4, two conduits may 
be placed in fluid communication. In one embodiment of the invention, mating surfaces 7, T 
may comprise complementary indented and protruding stepped portions that may be formed 
on respective flanges 6 of a pair of couplers 10. 

15 [0038] Tissue clamp 3 may be positioned around channel 2. Tissue clamp 3 remains 

outside of conduit 11. Tissue clamp may comprise legs 4 and a plurality of holes 5. Holes 5 
may be formed through tissue clamp 3. Holes 5 improve the connection between tissue 
clamp 3 and tissue of conduit 11, thereby securing conduit between tissue clamp 3 and saddle 
1. Holes 5 may be dimpled, as shown in Figs. 2 and 3, so that holes 5 protrude toward and 

20 into tissue of conduit 11 to improve further the connection between tissue clamp 3 and 
conduit 11. In addition, tissue may grow through holes 5, further securing tissue clamp 3 and 
coupler 10 to conduit 11. In another embodiment of the invention, a plurality of teeth 9 may 
be positioned along a periphery of tissue clamp 3 to engage tissue of conduit 11, thereby 
securing conduit 11 between tissue clamp 3 and saddle 1. In a further embodiment of the 

25 invention, tissue clamp 3 may include a plurality of holes 5 and teeth 9, as shown in Fig. 7. 

[0039] Tissue clamp 3 may be formed of a shape-memory alloy, such as a nickel 

titanium alloy or the like. The transition temperature of the shape-memory alloy may be 
selected to be a temperature that is at or slightly above body temperature, such as 38°C for 
humans. Therefore, tissue clamp 3 may be ductile and easily shaped at room temperature in 

30 its martensitic state. In one embodiment of the invention, tissue clamp 3 may be shaped into 
a substantially flat form in its martensitic state, as shown in Figs. 1 and 5, and tissue clamp 3 
may be positioned adjacent to flange 6 of coupler 10. This configuration enables saddle 1 of 
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coupler 10 to be positioned within a conduit without tissue clamp 3 interfering with the 
positioning of saddle 1 . 

[0040] Tissue clamp 3 maintains its martensitic state shape until tissue clamp 3 is 

heated to its transition temperature, which in one embodiment of the invention may be 
5 selected to be a temperature that is at or above human body temperature. Once tissue clamp 3 
is heated to its transition temperature, tissue clamp 3 transforms, i^, returns to a 
predetermined shape, which may be a shape shown in Figs, 2, 3, and 6, in which tissue clamp 
3 secures a conduit between tissue clamp 3 and saddle 1. Tissue clamp 3 may have a 
predetermined shape in which legs 4 of tissue clamp 3 extend and sides of tissue clamp 3 

10 curve upward and assimie a substantially elliptical curved shape to secure conduit 10 between 
tissue clamp 3 and saddle 1, as shown, for example, in Fig. 12. Each leg 4 of tissue clamp 3 
may extend downwardly in a direction that is generally away from the direction in which 
sides of tissue clamp 3 curve upwardly, so that each leg 4 may contact flange 6 and force 
sides of tissue clamp 3 upwardly toward saddle 1, thereby securing a conduit between tissue 

15 clamp 3 and saddle 1. 

[0041] Fig. 4 shows a conduit coupling device according to an embodiment of the 

invention. According to this embodiment of the invention, conduit coupling device 
comprises a pair of couplers 10 and a clamp 8. Couplers 10 may include complementary 
mating surfaces 7, T, In one embodiment of the invention, conduit coupling device may be 

20 used to connect conduits 11, 12 that extend substantially parallel to one another in the same 
or in a substantially similar plane, as shown in Fig. 4. An incision may be made in each 
conduit 11, 12, so that a saddle 1 of each coupler 10 may be positioned within a respective 
conduit 11, 12. Each tissue clamp 3 may be heated to its transition temperature, so that each 
tissue clamp 3 transforms to its predetermined shape to secure a respective conduit 11, 12 

25 between a respective tissue clamp 3 and saddle 1. Thus, each coupler 10 may be positioned 
in fluid communication with a respective conduit 11, 12. 

[0042] Once each coupler 10 is secured to a respective conduit 11, 12, respective 

flanges 6 and mating surfaces 7, T of each coupler 10 may be positioned in alignment, as 
shown in Fig. 4. A clamping ring 8 may be positioned around a flange 6 of each coupler 10 
30 and couplers 10 may be secured together by crimping clamping ring 8 around flanges 6. 

[0043] As shown in Fig. 8, clamping ring 8 may be formed with lips 8a, 8b that may 

be seated around an edge of each respective flange 6 of coupler 10, thereby securing flanges 
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6 and respective couplers 10 together. Clamping ring 8 may be made from a metal such as 
steel, titanium, a nickel titanium alloy, or the like. 

[0044] In one embodiment of the invention, couplers 10 may be positioned in and 

secured to respective conduits 11, 12 before flanges 6 of each coupler 10 may be positioned 
5 in alignment and secured by clamping ring 8. In another embodiment of the invention, a pair 
of couplers 10 may be secured together at their respective flanges 6 by application of 
clamping ring 8 before saddle 1 of each coupler 10 is positioned in and secured to a 
respective conduit 11, 12. For example, flange 6 of each coupler 10 may be secured by 
clamping ring 8 before saddle 1 of each coupler 10 is positioned in and secured to each 
10 conduit 11, 12. In a further embodiment of the invention, a pair of couplers 10 may be 
welded, glued, or otherwise joined together at respective flanges 6. In a still further 
embodiment of the invention, a pair of couplers 10 may be welded, glued, or otherwise joined 
together, eliminating flanges 6, or a pair of couplers 10 may be manufactured integrally as a 
single unit. 

15 [0045] In still further embodiments of the invention, a conduit coupling device may 

be manufactured from a pair of couplers 10 that may be positioned at various, predetermined 
angles and orientations relative to one another, so that the conduit coupling device may be 
used to connect conduits that may be positioned at various angles and orientations to one 
another. 

20 [0046] Clamping ring 8 may be applied to flanges 6 of each coupler 10 with a ring 

clamping device 150, shown in Fig. 10. Ring clamping device 150 may include arms 151, 

153. A lip 154, 155 may be positioned at a distal end of each arm 151, 153. Clamping ring 8 
may be positioned within arms 151, 153 of ring clamping device 150, so that a respective lip 

154, 155 of each arm 151, 153 contacts and engages a respective end of clamping ring 8 to 
25 retain clamping ring within ring clamping device 150. 

[0047] Ring clamping device 150 may be actuated, such that arms 151, 153 move 

outwardly and inwardly relative to one other. In an embodiment of the invention shown in 
Fig. 10, arm 151 may pivot about a pivot point 156 and move outwardly and inwardly 
relative to arm 153, which may be secured to or otherwise formed integrally with a body of 
30 ring clamping device 150. In another embodiment of the invention (not shown), both arms 
151, 153 may pivot about respective pivot points 156 and move outwardly or inwardly 
relative to one another. In a further embodiment of the invention (not shown), both arms may 
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move in a radial direction relative to the body of ring clamping device 150 and move toward 
and away from one another. 

[0048] In each embodiment of the invention, clamping ring 8 may be positioned 

within ring clamping device 150, such that a lip 154, 155 of each arm 151, 153 contacts a 
5 respective end of clamping ring 8. Ring clamping device 150 may be actuated such that arms 
151, 153 move away from one another. As arms 151, 153 move away from one another, lips 
154, 155 pull each respective end of clamping ring 8 apart, thereby expanding clamping ring 
8 outwardly. Ring clamping device 150 may then position clamping ring 8 around flanges 6 
of a pair of couplers 10 that may be positioned in alignment. Ring clamping device 150 may 

10 be re-actuated, so that arms 151, 153 move toward one another, thereby crimping clamping 
ring 8 securely around flanges 6 of each coupler 10 to secure couplers 10 together to form a 
conduit coupling device. As arms 151, 153 move toward one another, lips 154, 155 
disengage from respective ends of clamping ring 8 and release clamping ring 152. Once 
clamping ring 8 has been crimped aroxmd flanges 6 of each coupler 10, clamping ring 

1 5 provides a permanent junction retaining each coupler 10 in alignment and position. 

[0049] In an embodiment of the invention in which couplers 10 may be connected to 

form a conduit coupling device between conduits of substantially similar cross-sectional area, 
each coupler 10 may be configured with a channel 2 the cross-sectional area of which is 
constant or substantially constant. Each coupler 10 may be configured with a cross-sectional 

20 area that is the same as or substantially similar to that of another coupler 10 and to the cross- 
sectional areas of each respective conduit. Thus, a conduit coupling device formed according 
to this embodiment of the invention may be used to connect two conduits of the same or 
substantially similar cross-sectional area and to maintain a constant or substantially constant 
cross-sectional flow area from one conduit to the other conduit. By maintaining the same or 

25 a substantially constant cross-sectional flow area, a conduit coupling device according to this 
embodiment of the invention may reduce or eliminate flow disturbances and velocity or rate 
changes in fluid flowing from one conduit through conduit coupling device to another 
conduit, so that the flow of fluid and elements suspended therein, such as blood cells or the 
like, may not be disrupted unnecessarily. In addition, clotting mechanisms may not be 

30 activated as may occur when fluid flow patterns change, 

[0050] In another embodiment of the invention in which couplers 10 may be 

connected to form a conduit coupling device between conduits having different cross- 
sectional areas, each coupler 10 may be configured with a channel 2 the cross-sectional area 
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of which transitions between the different cross-sectional areas of the conduits to be 
connected. For example, a first coupler 10 may be configured with an elliptical cross- 
sectional area that is the same as or substantially similar to the cross-sectional area of the 
conduit in which a saddle 1 of first coupler 10 may be positioned. A second coupler may be 
5 designed with an elliptical cross-sectional area that is substantially similar to the cross- 
sectional area of the second conduit in which a saddle 1 of the second coupler 10 may be 
positioned. As the channel 2 of each coupler 10 transitions from a substantially elliptical 
cross-sectional area to a substantially circular cross-sectional area, the cross-sectional area of 
each channel 2 may increase or decrease, such that the cross-sectional areas of each channel 2 

10 are the same or substantially similar adjacent to flanges 6 of each coupler 10. In this way, 
conduits of different cross-sectional area may be connected while reducing or eliminating 
disruptions in the flow of fluid firom one conduit to another conduit, via conduit coupling 
device. Because the cross-sectional configuration of each channel 2 of each coupler 10 may 
be substantially circular at flange 6, couplers 10 may be rotated relative to one another aroimd 

15 their centerline axes 15, so that couplers 10 may be used to connect conduits that may be 
positioned transversely to one another, as shown, for example, in Fig. 9C. 
[0051] Coupler 10 may be fabricated from a variety of materials. For example, 

coupler 10 may be fabricated of a polymer, such as polytetrafluoroethylene, PEEK, 
polycarbonate, polyurethane, polypropylene, nylon, or the like. An advantage of polymers is 

20 that such materials may be relatively inert and therefore less likely to cause clotting in fluid 
such as blood than other materials. Also, polymers may be fabricated to include additives, 
such as biochemical agents, that may dissipate over time into surrounding tissues. Additives 
may include anti-platelet agents, anti-smooth muscle cell growth factors, anti-inflammatory 
agents, anti-fibrin agents, and anti-thrombin agents. Use of these agents may improve the 

25 patency rate of conduit coupling devices placed inside blood vessels by limiting biologic 
reactions of body tissue and conduits to the implanted devices. 

[0052] In other embodiments of the invention, couplers may be fabricated of metal, 

such as stainless steel, nickel titanium alloy, or the like. An advantage of such metals is their 
higher strength compared to other materials, enabling metal couplers to be fabricated with a 
30 wall thickness that is less than a thickness of couplers made of other materials. Metal 
couplers may have a wall thickness of about 7.87 x 10"^ mm (.002 inches) to about 19.69 x 
10'^ mm (.005 inches). Fluid contacting surfaces of metal couplers may be coated with one 
or more polymers such as silicone or polyurethane to limit the reaction of fluid and tissue to 
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the implant. In turn, these coatings may include biochemical agents described above that 
may improve the biocompatibility of couplers with conduits and other body tissue. 
[0053] In a preferred embodiment, tissue clamps 3 may be made of nitinol. 

Moreover, suitable nitinol may be heat treated, such that its austenitic transition temperature 
5 is well below room temperature, for example, at about 10°C, and such nitinol may be in its 
superelastic state at room temperature. Consequently, tissue clamps 3 made from such nitinol 
may be inserted into a holder and delivery device 160, as described below with respect to 
Figs. 13-16, by simply bending the nitinol tissue clamps into position. When such tissue 
clamps are released by device 160 at a temperature above room temperature, such tissue 

10 clamps spring into their original (pre-bent) shape. 

[0054] In operation, a coupler 10 may be positioned in a conduit 11 by making an 

incision at a desired location. The length of the incision preferably is less than the longest 
axial dimension of saddle 1. Saddle 1 then may be inserted through the incision into conduit 
11. Conduit 11 stretches slightly over edges of saddle 1. The curvature of saddle 1 is 

15 adapted to match the inside radius of conduit 1 1, so that conduit 1 1 may not be distorted by 
saddle 1. Saddle 1 may be configured with different radii of cvirvature to fit conduits of 
different inner radii. Tissue clamp 3 remains outside conduit 11. 

[0055] Once coupler 10 is positioned inside conduit 11, tissue clamp 3 may be heated 

to its transition temperature using a warm solution, e.g. , a sterile saline solution. The 

20 transition temperature preferably is a temperature that is at or above a human body 
temperature. When tissue clamp 3 is heated to its transition temperature, tissue clamp 3 
retums to a predetermined shape, which may be a shape as shown in Figs. 3 and 12, that 
secures conduit 11 between tissue clamp 3 and saddle 1. If tissue clamp 3 is made of nitinol, 
once coupler 10 is positioned inside conduit 11, tissue clamp 3 may be released as its 

25 transition temperature is at about 10°C, a temperature that is well below, for example, hvmian 
body temperature. When nitinol tissue clamp 3 is released, tissue clamp 3 retums to a 
predetermined shape, which may be the shape as shown in Figs. 3 and 12, that secures 
conduit 1 1 between tissue clamp 3 and saddle 1 . Dimples 5 or teeth 9, or both, may be 
formed on tissue clamp 3 to enhance the contact between tissue clamp 3 and conduit 1 1 . Two 

30 conduits may be connected by placing a coupler 10 within each conduit and connecting the 
couplers 10 at their respective flanges 6 to form a conduit coupling device, as shown for 
example in Fig. 4. 
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[0056] As shown in Figs. 9A-9D, a conduit coupling device formed from a pair of 

couplers 10 may be used to form various connections between conduits. As shown in Fig. 
9A5 a side-to-side connection or anastomosis may be formed by connecting a first conduit 90 
to a second conduit 91 to bypass a blockage 95 in second conduit 91. A coupler 10 may be 
5 positioned in, and secured to, a respective conduit 90, 91. A flange 6 of each coupler 10 may 
be aligned and secured by a clamping ring 8 (not shown). A distal end of first conduit 90 
may be closed using a fastener 92, such as a clip, suture, clamp or the like, to prevent flow of 
fluid through distal end. As illustrated by arrows in Fig. 9A, fluid may flow from first 
conduit 90, through couplers 10 to a distal end of second conduit 91, thereby bypassing 
10 blockage 95. 

[0057] In another embodiment of the invention, couplers 10 may be configured to 

form a conduit coupling device that connects conduits that may be transverse to one another, 
as shown in Fig. 9B. This embodiment enables couplers to form a conduit coupling device 
that connects blood vessels that may lie at varying angles to one another in the body. For 

15 example, an end-to-side anastomotic connection may be made by placing a first coupler 10' in 
a distal end of a first conduit 100 and a second coupler 10 in a second conduit 109 to form a 
conduit coupling device that bypasses a blockage 108 in second conduit 109. In this 
embodiment, first coupler 10' may be placed in a distal end of first conduit 100 and may 
include a saddle 1, a channel 2, and a tissue clamp 3 of different configuration than those 

20 disclosed in previously-described embodiments of the invention. For example, saddle V and 
channel 2' of first coupler 10* may have a substantially circular cross-sectional throughout 
their respective lengths, and tissue clamp 3 may have a substantially circular cross-sectional 
that conforms to the shape of saddle T. Tissue clamp 3' may include dimpled holes 5, teeth 9, 
or both, to improve the connection between tissue clamp 3' and first conduit 100 and to 

25 secure first conduit 100 between saddle V and tissue clamp 3*. A second coupler 10 may be 
positioned in and secured to second conduit 109. First coupler 10' and second coupler 10 
may be secured together to form a conduit coupling device that establishes fluid 
communication between first conduit 100 and second conduit 109, so that fluid may flow 
therebetween and bypass blockage 108, as illustrated by arrows in Fig. 9B. 

30 [0058] In a fiirther embodiment of the invention, couplers may be configured to form 

multiple conduit coupling devices and multiple connections between conduits, as shown in 
Fig. 9C. In this embodiment, a single conduit 111 may be used to supply fluid to two or 
more blocked conduits 112, 114. The conduit 111 may be positioned transverse to each 
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blocked conduit 112, 114. A pair of couplers 10 may be used to form a conduit coupling 
device that establishes a connection between single conduit 111 and each respective blocked 
conduit 1 12, 1 14. A coupler 10 of each conduit coupling device is shown in broken lines in 
Fig. 9C. Because single conduit 111 may be positioned transversely to each blocked conduit 
5 1 12, 1 14, conduit coupling devices according to this embodiment of the invention is adopted 
to conform to and maintain varying angles 120, 121 between single conduit 111 and each 
blocked conduit 112, 114. Each coupler 10 may be rotated relative to the other coupler of a 
pair of couplers that form a conduit coupling device to ensure that each saddle 1 of a 
respective coupler is oriented within a respective conduit 112, 114 to reduce or eliminate 

10 tension between single conduit 111 and blocked conduits 112, 114. The circular cross- 
section of each channel 2 adjacent to flange 6 of each coupler 10 permits rotation of one 
coupler 10 relative to the other coupler 10 without disrupting the flow path between couplers 
10 of a conduit coupling device. By connecting single conduit 111 to each blocked conduit 
112, 114, fluid flow may be restored to each blocked conduit 112, 114 at locations distal to 

15 blockages 113, 1 16 in each blocked conduit 1 12, 1 14. 

[0059] In a still further embodiment of the invention, couplers 10 may be configured 

to form a pair of conduit coupling devices, as shown in Fig. 9D, so that an adjacent conduit 
120 may be used to bypass a blocked conduit 125, A first coupler 10 of each conduit 
coupling device may be positioned in blocked conduit 125 proximal to, and on either side of, 

20 obstruction 130 in conduit 125. A second coupler 10 of each conduit coupling device may be 
positioned in adjacent conduit 120. First couplers 10 may be connected to respective second 
couplers 10 to form conduit coupling devices that allow fluid to flow through adjacent 
conduit 120 and bypass obstruction 130. Conduit 120 may be clipped at positions 122, 123, 
so that adjacent conduit 120 may serve as a short conduit for fluid to bypass obstruction 130. 

25 In this embodiment of the invention, adjacent conduit 120 may comprise a vein, while 
blocked conduit 125 may comprise an artery. 

[0060] In Fig. 13, an embodiment of holder and delivery device 160, as discussed 

above, is depicted. Device 160 is used to hold coupler 10 of Figs. 1-3 with tissue clamp 3 
pulled up, e.g. , away fi-om, flange 6 and mating surfaces 7, 7', while coupler 10 is being 
30 placed into the blood vessel. In this manner, device 160 prevents tissue clamp 3 fi-om 
interfering with the placement of coupler 10. Device 160 comprises a handle 161 for 
grasping device 160 and a rotation knob 162 connecting a holding tube 163 having a flared 
end 165 to handle 161, whereby coupler 10 may be rotated into position for placement in a 
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blood vessel. An inner shaft 164 passes through tube 163 and is separate from and may move 
independently from tube 163. 

[0061] Fig, 14 depicts flared end 165 of device 160 of Fig, 13. Shaft 164 ends in a 

conforming end 167, which is adapted to be received in channel 2 of coupler 10. The distal 
5 end of tube 163 has opposing, clamp receiving flanges 166a and 166b. When in use, coupler 
10 is inserted into flared end 165 of device 160. Tissue clamp 3 is bent and held up and out 
of the way of saddle 1 of coupler 10 and the distal surface of device 160 by engagement with 
flanges 166a and 166b of device 160. Referring to Fig. 15, coupler 10 thus is held in position 
prior to delivery to a blood vessel by device 160 of Fig. 13. 

10 [0062] Fig. 16 depicts coupler 10 immediately after its release from device 160 of 

Fig. 13 for placement into position in a blood vessel (not shown). Once coupler 10 is placed 
into the designated blood vessel, flared end 165 is pulled back in the direction of arrow A, as 
shown in Fig. 16. As flared end 165 is drawn away from coupler 10, opposing, clamp 
receiving flanges 166a and 166b also are drawn away from coupler 10. As opposing, clamp 

15 receiving flanges 166a and 166b are drawn away from coupler 10, tissue clamps 3 slip from 
the grasp of flanges 166a and 166b and may snap onto the outer surface of the designated 
blood vessel (not shown). Thus, tissue clamps 3, e.g. , tissue clamps 3 made from nitinol, 
may resume their pre-bent form and cover the suture attachment of saddle 1 of coupler 10 to 
the designated blood vessel. 

20 [0063] The advantage of this design is that the heart is often cooled below room 

temperature during surgery to limit tissue damage during low or no flow conditions. If the 
tissue is cool, then it may be difficult to heat the tissue clamp to cause it to change shape. 
[0064] While the invention has been described in connection with preferred 

embodiments, it will be understood by those of ordinary skill in the art that other variations 

25 and modifications of the preferred embodiments described above may be made without 
departing from the scope of the invention. Moreover, other embodiments of the present 
invention will be apparent to those of ordinary skill in the art from a consideration of the 
specification or a practice of the invention disclosed herein, or both. 
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